• This paper deals with the pathological changes found in the coronary arteries of atherosclerosis-susceptible pigeons fed diets with, three levels of protein and two dietary fats, with and without a cholesterol supplement. The blood cholesterol levels and aortic atherosclerotic lesions of these same pigeons were the subject of a previous paper. 1 In the analysis of serum cholesterol values obtained in that study, a significant interaction between type of fat and cholesterol was detected. That interaction was interpreted as indicating that the effect of type of fat on serum cholesterol differed depending on whether dietary cholesterol was present or absent. That work also demonstrated that when cholesterol was added to the diet, the levels of serum and aorta cholesterol and the severity of aortic atherosclerosis were increased. When corn oil was the source of fat in cholesterol-containing diets, lower values for serum cholesterol were observed than those when hydrogenated coconut oil was fed. The animals fed diets low in protein had less severe aortic atherosclerosis than did those receiving diets high in protein.
Methods
The interactions described before 1 were detected from the analysis of data obtained in a 3 X 2 X 2 factorially designed experiment with three levels of protein (5, 15, or 30 per cent cnsein) and two dietary fats (10 per cent corn oil or 10 per cent hydrogenated coconut oil), with and without a 0.25 per cent supplement of cholesterol. 
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The composition of the diets and the distribution of pigeons in the various groups are shown in table 1.
Twelve groups of six-week-old White Carnean pigeons, made up of both males and females, were housed in growing batteries kept in a room with controlled temperature and humidity (70 F. ± 2 F.; 50 per cent relative humidity ± 10 per cent), lighted from 7 a.m. to 5 p.m. Five birds of each group were housed in units 29 inches X 24 inches X 15 inches. The upper bonks of the birds were kept short with a commercial "debeaker" to prevent injuries due to fighting. Diets were prepared by mixing the dry ingredients and the fat (cholesterol, when added, was dissolved in the fat by heating), and adding water. The resulting doughlike mixture was pelleted and dried in a current of warm air (pigeons prefer to consume particles from 0.3 to 2.0 cm. in greatest diameter). The birds had access to food and water ad libitum and were weighed at the start of the experiment and then at three-month intervals for the duration of the study. Changes in body weight were not significant.
After nine months on the diets, the birds were sacrificed and necropsied. The hearts were fixed in 10 per cent neutral formalin. After fixation, a sagittal slice was made from the base to the apex just to the right of the septum ( fig. 1 ). Three blocks (0.5 cm. thick) were taken from the left side of the heart to include the left ventricular wall and septum. Five frozen step sections were then made from each of these three blocks and stained with Sudan IV, using a hematoxylin counterstain. Each section was then graded separately. A "within-bird" lesion frequency index was calculated for each bird and is defined as the per cent of the arteries examined having plaques.
To test the reproducibility of our estimates of frequency, the slides were re-evaluated independently by two of us without reference to dietary groups or to the results of previous grading. The mean "within-bird" frequency indices obtained by the two examiners agreed within 2 per cent.
Results and Discussion
The coronary arteries of these pigeons had several types of intimal lesions, all of which 4 ). Calcification, ulceration, hemorrhage into the plaques, and thrombus formation were not observed in these coronary lesions (such complicated lesions are frequently seen in aortic atherosclerosis in pigeons). The effects of the various dietary regimes on the frequency of coronary atherosclerosis are shown in table 2. These data were subjected to analysis of variance by the method of unweighted means 2 combining; both cholesterol-fed and noncholesterol-fed birds in order to test for interactions among fats, proteins, and cholesterol. Since no significant interactions were detected, we then examined the main effects of these dietary variables. There WHS a clear-cut effect of cholesterol (P < 0.01), which suggested to us that the cholesterol-fed and noncholesterol-fed birds represented samples drawn from two different populations. Accordingly, we have treated these groups separately.
FIGURE 3
Coronary arterial lesions without stainable lipid, in vessel approximately 50 /x in diameter. The intimal plaque consists of amorphous material, fibrocytes, and collagen. Frozen sectian, Sudan IV-liematoxylin stain, X ISO.
It is obvious from table 2 that the variations in diet had little or no effect on the birds on cholesterol-free diets. Among cholesterol-fed pigeons only, it was apparent that diets low in protein resulted in a decreased frequency of coronary atherosclerosis. When the difference between the high and low protein groups was tested using the <-test, a significant difference was observed (P < 0.01). Likewise, combining all protein levels, it appeared that diets containing corn oil resulted in significantly less coronary atherosclerosis than did diets containing coconut oil (P < 0.02). The *Per cent of the coronary arteries seen which had atherosclerotic lesions. tEaeh mean is followed by its standard error; the numbers in parentheses refer to the numbor of birds left at the end of the experimental period. effects of both dietary protein and fat are in complete agreement with our observations on the aortae of these same birds. 1 Our failure to detect significant interactions among fat, protein, and cholesterol could, perhaps, be explained by a slower rate of development of the disease in coronary arteries than in aortae (many of the noneholesterol-fed pigeons had frequency values of zero, making it very unlikely that significant interactions would be detected). On the other hand, this lack of interaction might also reflect differences in the fundamental mechanisms leading to the production of atherosclerosis in the coronary arteries and aorta.
Another possible explanation for the lack of agreement in analyses of aortic and coronary lesions is that some birds having coronary lesions did not have aortic lesions and vice versa. If birds are classed in the four possible categories, i.e., lesions at both sites, coronary lesions but no aortic lesions, aortic lesions but no coronary lesions, and birds in which no lesions were detected at either site, one would predict an excess in the first and last classes and a deficiency in the two middle classes. Table 3 (A) presents the frequencies in the four classes with the cholesterol-fed and noncholesterol-fed birds treated separately. First, it is clear that these two distributions are significantly different from each other (X 2 = 27.5; P < 0.001). Second, it is clear that there is not an excess among the noncholesterol-fed birds of those with lesions at either or both sites. Third, if one assumes that coronary lesions occur independently of aortic lesions, and then computes how many lesions one would expect in each location on this assumption, the observed data fit these calculations.
Because the probability of having both lesions is high in the cholesterol-fed birds, we would not expect to detect readily a difference between observed and expected numbers in the four classes. However, we have added a group of noncholesterol-fed birds, sacrificed in other experiments, to those of the present study, and the observed and expected irain- Coronary arterial lesions icithout significant fibrous component, in vessel approximately 33 yu, in diameter. Masses of fat-filled ma<crophages occupy the intima, nearly occluding the lumen, which appears as an irregular slit (arrow). Frozen section, Sudan IV-hematoxylin stain, X 400.
bers are presented in table 3 (B) (based on a hypothesis of independence of probability of lesion occurrence at the two sites). The low X 2 value (0.181; P > 0.975) is consistent with 
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the hypothesis that the two sites are independent of each other in their susceptibility to atherosclerosis. Prior support for this concept has been provided by Glagov et al. 3 and Ratcliffe et al. 4 However, the data from the present experiment were based on small numbers of young birds of relatively uniform age. For these reasons, the inference of independence of coronary and aortic lesions should be regarded as only suggestive. Further, this inference relates only to noncholesterol-fed birds.
Summary
Atherosclerosis-susceptible pigeons fed cholesterol developed coronary atherosclerosis much more frequently than pigeons maintained on a cholesterol-free diet. Fewer of the cholesterol-fed pigeons fed a low protein diet developed coronary atherosclerosis than did cholesterol-fed pigeons on a high protein diet. Corn oil decreased the frequency of coronary atherosclerosis iu cholesterol-fed pigeons. Limited evidence suggests that the coronary arteries and aortae in noncholesterolfed birds are independent of each other in their susceptibility to atherosclerosis.
